1. Introduction
===============

Blood loss is one of the major concerns in spine surgery. Many measures such as stripping skeletal muscles and exposing cancellous bone can cause direct or indirect blood loss and are often accompanied by coagulopathy.^\[[@R1]\]^ As a common method used to solve the problem, blood transfusion involves the intravenous infusion of various blood components to patients, improving the oxygen transport capacity of blood and tissue oxygenation. According to the results of 1 study, 8% to 36% of spine surgery patients required perioperative blood transfusions; these transfusions were generally performed 7 days before to 30 days after surgery.^\[[@R2]\]^ Studies have shown that the factors that influence the need for transfusion are complicated, including the patient\'s age, preoperative hemoglobin (Hb) level, comorbidities, treatment methods, and duration of surgery.^\[[@R3],[@R4]\]^

Blood transfusion is essential and beneficial in many cases, but it is still compromised by a series of possible complications. Recently, allogeneic blood transfusion was speculated to be an independent risk factor for bacterial infections in orthopedic surgery, which may result in higher morbidity and worse prognoses, particularly in elderly patients. This hypothesis was supported by several animal models. However, the same result was not observed when syngeneic blood was given.^\[[@R5],[@R6]\]^ Most scholars believe that these observations were due to the immunosuppressive effects of allogeneic transfusions.^\[[@R7]\]^ Other research suggested that fracture patients who received less than 3 units of packed red blood cells (PRBCs) had no significant differences in morbid complications compared to nontransfused patients.^\[[@R8]\]^ It is difficult to confirm the association between blood transfusion and infection. A meta-analysis conducted by Kim provided some useful information showing that allogeneic blood transfusion increased the risk of infection during joint replacement.^\[[@R9]\]^ However, the postoperative infection rate of spine surgery is particularly worthy of attention among orthopedic surgeries because of the long operation time and because swelling and congestion of soft tissue more readily occur. Moreover, the surgery is often accompanied by the placement of internal fixation. Thus, once an infection occurs, it is difficult to cure and causes serious harm to patients. However, the relationship between perioperative blood transfusion and postoperative infection in patients who undergo spinal surgery has not been well described.^\[[@R10]\]^

With advances in technology, blood transfusion practices in spine surgery have undergone significant changes. The use of allogeneic transfusion has substantially decreased, whereas that of autologous and intraoperative autotransfusion has increased.^\[[@R11]\]^ The association between blood transfusion and infection must be systematically evaluated in spine surgery. This meta-analysis was designed to determine whether perioperative blood transfusion increases the infection rate among spine surgery patients, which may help establish more appropriate transfusion policies during spine surgery.

2. Methods
==========

This study was based entirely on published data; thus, no ethical approval or patient consent were required.

2.1. Study search and selection
-------------------------------

The PubMed, Embase, and Cochrane Library databases were searched for relevant articles published from inception to July 2017. The key words were as follows: 'spine' or 'vertebra' or 'sacrum' or 'coccyx' AND 'blood transfusion' AND 'infection' or 'toxicema' or 'sepsis' (refer to Appendix Table 1 for details). The search language was limited to English.

Two reviewers independently assessed the titles and abstracts of papers and resolved discrepancies through discussion. If an agreement could not be reached, a final decision was made by a third reviewer. The inclusion criteria were as follows:

1.  observational, cohort studies;

2.  studies that examined the impact of blood transfusion on the infection rate among spine surgery patients;

3.  sufficient data presented to allow further analysis; and

4.  data not duplicated in another manuscript (refer to Table [1](#T1){ref-type="table"} for details).

###### 

Inclusion and exclusion criteria of the current meta-analysis.
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2.2. Data extraction and quality assessment
-------------------------------------------

We used Microsoft Excel (Microsoft Corporation, USA) to extract the following data: first author, study period, country, demographic parameters, estimated blood loss (EBL), operative time, comorbidities, treatment methods, transfusion, study design, covariates, and outcomes of interest. The primary outcome was infection. The other outcomes included length of hospital stay and morbid complications. The quality of the included observational studies was assessed by the Newcastle--Ottawa Scale (NOS) score.^\[[@R12]\]^ The studies were classified as low, moderate, and high quality according to NOS scores of 0 to 3, 4 to 6, and 7 to 9, respectively.

2.3. Statistical analysis
-------------------------

After summarizing the data from each study, we divided the patients into 2 groups: "Transfusion group" and "Non-transfusion group", according to whether they received perioperative blood transfusion during spine surgery. The effects were assessed by adjusted odds ratios (ORs) or the mean difference (MD). ORs were used instead of hazard ratios (HRs) because of the high incidence of events. We pooled individual study data using the Mantel--Haenszel method. Because of the anticipated heterogeneity, we used a random-effects model. Heterogeneity was evaluated by the *I*^2^, Chi^2^, and Tau^2^ statistics. A value of *I*^2^ \> 50% was regarded as significant heterogeneity. A two-sided *P*-value\<.05 was considered statistically significant. To explore possible sources of heterogeneity, we performed sensitivity analyses by omitting each study individually to assess the effect of the individual study. All statistical analyses were conducted with Review Manager 5.3.^\[[@R13]\]^

3. Results
==========

3.1. Study selection
--------------------

A total of 1648 related studies were identified in 3 databases. Forty one studies remained after removing duplicates and irrelevant records after further assessment. Five studies were meta-analyses or reviews, 3 studies were not cohort studies, and the remaining studies did not report primary outcomes from which the required data could be extracted. No other eligible studies were identified in the references of the included studies or important reviews. Finally, 8 studies were included in our meta-analysis. The study selection process was performed as described in the flow diagram.

3.2. Study characteristics
--------------------------

The basic information of the 8 studies is shown in Table [2](#T2){ref-type="table"}. All studies were retrospective cohort studies except for one ambispective cohort study. The sample size of the included studies ranged from 56 to 13,695. Treatment methods mainly involved various types of spine surgery. Demographic characteristics, comorbidities, preoperative Hb levels, EBL, and operative times showed wide variability across the included studies. The NOS scores of the studies are shown in Appendix Table 2. 4 studies were of moderate quality, and 4 were of high quality.

###### 

Baseline characteristics of the included studies.
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3.3. Infection rate
-------------------

The pooled analysis suggested that blood transfusion increased the infection rate among spine surgery patients (8 studies; OR, 2.99; 95% CI, 1.95--4.59; Fig. [1](#F1){ref-type="fig"}), with high heterogeneity (*I*^2^ = 86%). The sensitivity analyses showed that the ORs ranged from 2.65 (95% CI, 1.76--3.99) to 3.27 (95% CI, 1.93--5.54), and the *I*^2^ statistic ranged from 78% to 88%. Two studies (Purvis et al, 2017 and Janssen et al, 2016) were identified as the source of statistical heterogeneity (refer to Table [2](#T2){ref-type="table"} for details). We found that removing either 1 of the studies did not significantly reduce heterogeneity: *I*^2^ = 82% when we removed the study by Purvis et al 2017, and *I*^2^=78% when we removed the study by Janssen et al 2016 (Appendix Fig. 1 and Appendix Fig. 2). However, when both studies were removed, no heterogeneity was observed among the 6 remaining studies, but the result was not substantially changed (*I*^2^ = 0%; OR, 1.93; 95% CI, 1.65--2.26; Fig. [2](#F2){ref-type="fig"}). Since only 8 studies were included, a funnel plot was not appropriate for this study.
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![Forest plot summary comparing the infection rate between the Transfusion and Non-transfusion groups (after removal of studies with high heterogeneity). CI=confidence interval, OR=odds ratio.](medi-98-e16287-g004){#F2}

3.4. Other outcomes
-------------------

To further understand the impact of blood transfusion on spine surgery patients, we also analyzed the length of hospital stay and morbid complications. According to the results, blood transfusion was associated with a longer hospital stay (4 studies; MD, 3.55; 95% CI, 1.97--5.14; Fig. [3](#F3){ref-type="fig"}) and a higher rate of morbid complications (5 studies; OR, 2.65; 95% CI, 1.23--5.71; Fig. [4](#F4){ref-type="fig"}) among spine surgery patients. The studies showed high heterogeneity (*I*^2^ = 73% in Fig. [3](#F3){ref-type="fig"} and *I*^2^ = 98% in Fig. [4](#F4){ref-type="fig"}); however, the results were consistent in the sensitivity analyses. When we separately removed the studies to investigate the sources of heterogeneity, the results were as follows: MD, 2.76; 95% CI, 1.63 to 3.90 (Fig. [5](#F5){ref-type="fig"}) and MD, 2.80; 95% CI, 2.35 to 3.35 (Fig. [6](#F6){ref-type="fig"}). Therefore, the results still fully indicated the adverse effects of blood transfusion on patient prognosis.
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![Forest plot summary comparing morbid complications between the Transfusion and Non-transfusion groups (after removal of studies with high heterogeneity).](medi-98-e16287-g008){#F6}

4. Discussion
=============

This review was performed by strictly following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The results showed that perioperative blood transfusion increased the risk of infection among spine surgery patients, which has also been supported by other studies. Many studies have observed a relationship between blood transfusion and superficial wound infections. Some small case-control studies have suggested that blood transfusion increases surgical site infection after spine surgery, but the number of such studies was too small to perform a separate analysis. To ensure the consistency of the included studies, we did not include these studies in our analysis. For other surgical procedures such as joint replacement, some evidence suggests that blood transfusion is related to increased infection rates. However, significant differences exist between arthroplasty and spine surgery. Spine surgery often involves less blood loss, and the subsequent infection is greatly affected by the surgical site, surgical route, and other confounding factors, which increases the difficulty of identifying the relationship between blood transfusion and infection.^\[[@R14],[@R15],[@R16]\]^

The increased infection rate caused by blood transfusion is usually attributed to transfusion-related immunosuppression.^\[[@R7]\]^ However, the mechanism responsible for this relationship remains unknown. Other possible factors including transfusion errors and transfusion-transmissible infections also cause serious risks, but they seldom occur and are entirely preventable.^\[[@R17]\]^

Many potential confounding factors might have affected our results. For example, the use of a urinary catheter, which was usually in place longer than 120 minutes, might increase the infection rate among surgical patients.^\[[@R2]\]^ The different infection rates between the Transfusion group and the Non-transfusion group could also be explained by the difference in blood loss.

Moreover, our results suggested a relationship between blood transfusion and other interesting outcomes including the length of hospital stay and morbid complications in spine surgery patients. Together, these factors revealed the adverse effects of blood transfusions on patient prognosis, but the relationship among these factors is still unclear. Because of the lack of standardization of transfusion protocols in the database, the results might be biased, and additional relevant studies are required.

Recently, a related systematic review suggested an association between allogeneic transfusion and infection in spine surgery patients based on several low-strength studies with a high or moderately high risk of bias. The risk was not consistent for different infection types.^\[[@R18]\]^ However, to improve the accuracy of the results, we conducted an independent study on this issue by searching additional databases, optimizing the search strategy, and restricting the type of studies to cohort studies with high quality based on the NOS.

Identification of risks related to blood transfusion will lead to stricter transfusion policies. The American Association of Blood Banks recommends that blood transfusion should be considered for stable patients with Hb levels less than 7 g/dl, surgical patients with Hb levels less than 8 g/dl, or patients with symptoms such as chest pain, unresponsive tachycardia, or congestive heart failure.^\[[@R19]\]^ As our results show, more restrictive transfusion policies should be considered for spine surgery to maximize clinical benefits and avoid unnecessary risks. Meanwhile, additional, relevant, randomized controlled trials should be conducted. Alternative measures that reduce blood transfusions, including reinfusion, cell salvage techniques, and preoperative blood donation, should be advocated.

However, our research has some inevitable limitations. First, the statistical heterogeneity was significant (*I*^2^ = 86%), and we found that the sources of statistical heterogeneity mainly included two studies: Purvis et al, 2017 and Janssen et al, 2016. Unfortunately, we could not identify the specific causes of heterogeneity. However, there were several clinical and methodological differences across the included studies, such as demographic characteristics, comorbidities, treatment methods, and study design. Second, the results were based only on observational studies, which might distort the actual effects of blood transfusion because of the potential confounding bias and selection bias. Much of the data were obtained from the National Surgical Quality Improvement Program (NSQIP) database, which lacks certain parameters of interest including EBL, adverse reactions, and other clinical outcomes. Moreover, different hospital protocols might be used in each institution, and these were not available in the NSQIP database.^\[[@R20]\]^ Third, a funnel plot was not produced because of the limited number of studies; therefore, we could not exclude possible publication bias. Overcoming these deficiencies will require more relevant research, more detailed raw data, and further analysis and summary of such data in the future.

5. Conclusions
==============

The current evidence indicates that perioperative blood transfusion increases the risk of postoperative infection among spine surgery patients. Because of the high heterogeneity among studies, the results should be interpreted cautiously, and more randomized, controlled, high-quality studies are necessary to clarify the influence of other factors, such as EBL and operative time, on infection.
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